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WIDEBAND  HF  CHANNEL  PROBER  -  TIMING  AND  CONTROL  MODULES 


I.  INTRODUCTION 

The  Wideband  HF  Channel  Prober  project  is  an  experimental  investigation 
of  the  HF  (2  to  30  MHz)  extended  line-of-sight  (ELOS)  communication  channel. 
Characterization  of  the  channel  for  a  bandwidth  of  1  MHz  is  the  major 
objective  of  the  Channel  Prober  project.  Because  data  collection  must  take 
place  in  real  time,  many  system  operations  must  be  implemented  in  digital 
logic  hardware.  The  logical  functions  are  divided  into  two  categories 
according  to  speed.  The  fastest  functional  operations  take  place  in  the 
Timing  Module.  The  Control  Module  operations  require  flexibility  and  are 
less  dependent  upon  speed.  The  Timing  Module  is  implemented  by  standard  TTL 
logic  elements  and  the  Control  Module  by  a  microprocessor.  This  report  will 
discuss  the  design  considerations  and  the  resulting  implementation  of  the 
Timing  and  Control  Modules  associated  with  the  Wideband  HF  Channel  Prober. 

Details  of  other  system  components  can  be  found  in  a  separate  formal 
report  entitled  "Wideband  HF  Channel  Prober  -  System  Description”  (NRL 
Report  8622,  in  progress).  In  addition,  the  system  computer  real-time 
software  is  discussed  in  a  separate  NRL  Memorandum  report  (in  progress). 

II .  DESIGN  OVERVIEW 

A.  Design  Considerations 

The  Channel  Prober  experimental  measurements  Involve  two  separated  field 
sites,  a  transmitter  site  and  receiver  site,  each  acting  in  close  coordi¬ 
nation  with  the  other.  Coordination  is  accomplished  by  maintaining  accurate 
time  and  frequency  stability  at  both  sites.  The  required  frequency 
stability  Is  derived  from  a  rubidium  frequency  standard.  Timing  accuracy 
is  established  through  the  use  of  the  rubidium  frequency  standard  as  a 
reference  oscillator  and  by  setting  time  according  to  the  time  standard 
information  broadcast  by  WWV. 

Early  in  the  design  phase  a  determination  had  to  be  made  concerning  the 
implementation  of  the  timing  and  control  functions.  Two  obvious  candidates 
were  a  hard-wired  logic  device  and  a  microprocessor.  The  hard-wired  logic 
offered  the  advantage  of  high  speed  while  the  microprocessor  offered  the 
advantage  of  flexibility  inherent  in  software  design.  The  design  that  was 
chosen  employs  a  hybrid  system  in  which  those  functions  that  require  high 
speed  are  implemented  by  hard-wired  logic  (The  Timing  Module),  while  the 
lower  speed  functions  are  implemented  using  a  microprocessor  (The  Control 
Module). 

In  addition  to  satisfying  system  speed  requirements  and  to  providing 
the  necessary  flexibility  for  an  experimental  Instrument,  the  choice  of  a 
hybrid  design  also  resulted  in  an  economy  of  parts.  An  example  of  this  was 
provided  in  the  early  stages  of  system  development  when  it  was  determined 
that  frequency  stepping  could  not  simply  be  sequential  but  might  have  to 
allow  skipping  certain  frequencies.  A  hard-wired  logic  design  to  implement 
a  simple  skip  procedure  was  found  to  require  a  200Z  increase  in  the  number 
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of  integrated  circuits.  The  use  of  a  microprocessor  (mP),  with  operating 
frequencies  stored  in  a  Random  Access  Memory  (RAM)  buffer,  permitted  almost 
unlimited  flexibility  without  incurring  additional  hardware  costs. 

A  small  minicomputer  (e.g.  a  Digital  Equipment  Corp.  (DEC)  Model  PDP 
11/05)  was  considered  as  an  alternative  to  the  (iP.  The  minicomputer  offers 
the  advantage  of  more  powerful  software  support  and  other  "computing  power" 
advantages.  This  approach  was  rejected  because  it  entailed  a  cost  premium 
for  "computing  power”  not  utilized  by  the  control  tasks.  Other  factors 
influencing  the  decision  were  the  lower  cost  of  mP  replacement  boards,  the 
ease  of  on-site  service  to  the  mP  by  NRL  personnel,  and  the  higher  relia¬ 
bility  of  the  simpler,  more  compact,  and  lighter  /*P  equipment. 

The  Timing  Module  generates  the  modulation  signals  used  by  the  Channel 
Prober  Exciter.  The  basic  signal  structural  element  is  the  pseudo-noise 
(PN)  sequence.  Two  different  PN  sequences  are  used,  one  for  the  Prober 
mode  and  one  for  the  Sounder  mode.  The  Prober  mode  sequence  consists  of 
2047  pulses  (chips)  while  the  Sounder  mode  sequence  consists  of  255  pulses 
(chips).  The  sequence  period  is  approximately  8  msec  in  both  modes  and 
corresponds  to  a  chip  rate  of  250  kHz  in  the  Prober  mode  and  31.25  kHz  in 
the  Sounder  mode. 

The  Timing  Module  also  generates  the  pulse  modulation  for  the 
Transmitter  Exciter,  a  coherent  8  MHz  clock  required  by  the  Correlation 
Processor,  and  the  PN  generator  reference  pulses  for  interrupting  the  mP  at 
the  end  of  each  PN  sequence.  These  pulses  are  the  basic  timing  strobes  of 
the  "control"  process.  Speed  requirements  necessitated  the  use  of 
hard-wire  digital  logic  for  these  functions. 

The  Control  Module  (mP)  treats  the  PN  sequence  reference  pulses  as 
system  interrupts.  A  software  interrupt  routine  counts  the  number  of 
.  .cerrupts  and  switches  frequency  and  operating  mode  depending  on  the 
number  of  completed  PN  sequences.  The  Control  Module  then  distributes  the 
various  control  signals  to  other  system  components  for  operation  according 
to  the  prescribed  format.  Signals  distributed  to  the  Transmitter  Exciter 
are  the  BCD  encoded  frequency  information  for  the  synthesizer  that  functions 
as  the  Exciter's  second  local  oscillator  and  the  mode  flag  for  bandwidth 
switching.  Signals  distributed  to  the  Receiver  Include  the  BCD  encoded 
frequency  information  for  the  Receiver  first  local  oscillator,  BCD  encoded 
signals  for  pre-selector  control  and  the  mode  flag  for  bandwidth  switching. 
In  addition,  the  signals  provided  by  the  Control  Module  to  the  system  Real- 
Time  Processor,  at  the  Receiver  site.  Include  the  AGC  sampling  strobe,  the 
frequency  index  number,  the  first  and  second  sequence  flags  of  a  correlation 
cycle  and  the  end  of  experiment  flag. 

B.  Functional  Description 

A  block  diagram  illustrating  the  "control"  interaction  of  the  major 
system  modules  is  shown  in  Figure  1.  The  fundamental  input  to  the  Timing 
Module  (TM)  is  the  1  MHz  reference  frequency  from  the  Station  Frequency 


Standard.  This  input  is  controllea  by  the  manual  "clock  on/off"  switch,  SI. 
Closure  of  SI  activates  the  Prober  mode  and  Sounder  mode  clock  circuits. 
Further  action  must  await  a  "clock-start"  gate  which  can  be  initiated  auto¬ 
matically  by  the  digital  clock  comparator  circuit  or  manually  by  the 
"manual-start”  switch,  S2.  Activation  of  "clock-start"  forces  a  synchroni¬ 
zation  of  the  PN  sequences,  causes  the  PSK  and  pulse  modulation  signals  to 
be  gated  to  the  Transmitter  Exciter  and  gates  the  PN  sequence  Interrupts  to 
the  mP«  The  arrival  of  interrupts  at  the  Control  Module  signals  the  start 
of  the  prescribed  experimental  procedure.  After  the  prescribed  experi¬ 
mental  procedure  is  completed,  the  m P  sets  a  STOP  flag  which  is  distributed 
to  the  Timing  Module  and  the  DEC  Model  PDP-11/34  Real-Time  Processor. 

Receipt  of  the  STOP  flag  signal  causes  the  Timing  Module  to  revert  to  a 
"pre^start"  condition,  informs  the  PDP-11/34  of  experiment  termination  and 
restores  the  mP  software  to  a  condition  where  it  awaits  the  start  of  the 
next  experiment. 

The  Control  Module  accepts  interrupts  from  both  the  Sounder  and  Prober 
PN  generators  but,  depending  on  the  operating  mode,  only  one  of  the  inter¬ 
rupts  is  enabled.  Upon  detection  of  an  interrupt,  the  mP  increments  the 
sequence  count  and  executes  the  logic  required  to  support  the  operational 
format.  These  operations  are  performed  in  a  user-defined  software  inter¬ 
rupt  handler  routine. 

Control  variables  generated  by  the  Control  Module  include  BCD  signals 
for  remote  control  of  Transmitter  and  Receiver  local  oscillator  frequencies 
and  for  the  control  of  the  Receiver  pre-selector  filter.  In  addition,  a 
MODE  flag  for  controlling  the  operational  mode  of  the  experiment,  sequence 
flags  for  synchronizing  the  Correlation  Processor  with  the  action  of  the 
Transmitter,  a  Receiver  AGC-voltage  sampling  strobe  and  a  STOP  flag  signal¬ 
ing  the  end  of  a  prescribed  experimental  procedure  are  also  generated  and 
distributed.  As  shown  in  Figure  1,  the  MODE  flag  is  passed  to  the  Timing 
Module  to  control  its  mode  of  operation.  A  complete  PN  sequence  period, 
the  "idle  sequence",  is  allotted  to  the  execution  of  these  tasks;  thus 
providing  ample  time  for  mP  control. 

Communication  from  the  Control  Module  to  the  PDP-11/34  Real-Time 
Processor  is  implemented  by  a  DEC  Model  DR  11C  parallel  interface  board. 
Information  passed  includes  the  MODE  flag,  the  STOP  flag,  the  frequency 
pointer  and  sequence  synchronizing  flags.  The  sequence  synchronizing  flags 
are  used  by  the  Real-Time  Processor  to  control  the  action  of  the  Correlation 
Processor  while  the  other  variables  are  required  for  the  proper  identifi¬ 
cation  and  labeling  of  Incoming  data.  Communication  from  the  PDP-11/34  to 
the  n?  includes  all  operational  details  of  the  experiment  about  to  be 
run.  Once  this  information  is  passed,  there  is  no  further  communication 
from  the  PDP-11/34  to  the  microprocessor  until  the  experiment  is  complete 
and  another  experiment  is  to  be  run. 

The  next  two  sections  of  this  report  discuss  details  of  the  operation 
of  the  Timing  Module  (Section  III)  and  the  Control  Module  (Section  IV). 


III.  Timing  Module 


Specific  tasks  assigned  to  the  Timing  Module  are: 

o  START/STOP  control  of  the  experiment  clock 

o  Generation  of  Sounder  &  Prober  mode  clock  signals 

o  Generation  of  the  Sounder  &  Prober  mode  PN  sequences  and 

associated  mP  interrupts 

o  Generation  of  an  8  MHz  Correlation  Processor  clock 

A  functional  block  diagram  of  the  Timing  Module  is  present  in  Figure  2. 
All  clock  signals  are  derived  from  an  ultra-stable  Station  Standard 
(rubidium  frequency  source)  which  also  drives  the  Station  Time  Source.  The 
Time  Source  is  a  digital  time  code  generator  and  provides  a  BCD  encoded 
output  which  is  used  in  conjunction  with  a  BCD  comparator  for  the  generation 
of  the  experiment  "clock  start”  signal.  More  detailed  circuit  diagrams  of 
the  timing  module  are  shown  in  Figures  3,  4,  5,  6  and  7. 

The  major  components  of  the  Timing  Module  are  as  follows: 

o  ON/OFF  and  START/STOP  circuits  (Figure  3a) 
o  Two-Phase  Clock  circuit  (Figure  3b) 

o  Sounder  Mode  PN  Generator  (Figure  4) 

o  Prober  Mode  PN  Generator  (Figure  5) 

o  Mode  Condition  Generator  (Figure  6) 

o  8  MHz  Phase  Locked  Loop  (Figure  8). 

The  form  of  component  interconnection  is  shown  in  Figure  2.  Each  of  these 
subsystems  is  discussed  separately  in  the  ensuing  sections. 

A.  ON/OFF  and  START/STOP  Circuits 

Circuits  associated  with  the  ON/OFF  and  START/STOP  functions  Include 
those  modules  within  the  dashed  lines  of  Figure  3a.  These  include  switches 
SI  and  S2,  parts  of  TTL  modules  Ul,  02,  03,  04,  021,  022,  039  and  040.  The 
ON/OFF  portion  of  the  circuit  is  activated  by  setting  SI  ON  and  results  in 
a  HIGS  at  021-10.  The  START/STOP  circuit  action  is  described  by  first 
noting  that  START  is  initiated  either  by  the  action  of  the  BCD  digital  time 
comparator  or  by  manual  operation  of  switch  S2  and  results  in  the  activation 
of  line  03-5  (HIGH)  at  the  first  positive  transition  of  02-8.  Thereafter, 
03-5  remains  HIGH  until  03-1  is  brought  LOW  following  a  STOP  flag  HIGH  at 
022-1. 


•True  logic  is  used  for  all  circuits.  Therefore  HIGH  is  a  logical  "1"  and 
LOW  is  a  logical  "0". 


U3-5  HIGH  is  the  system  START  flag.  Events  connected  with  U3-5  going 
HIGH  are  U3-9  LOW,  which  lights  the  RUN  indicator,  and  a  negative  pulse  out 
of  U40-3,  which  initializes  the  Mode  Condition  Generator  to  the  Sounder 
mode.  In  addition,  U3-5  HIGH  is  responsible  for  gating  the  PN  sequence  to 
the  Exciter  PSK  modulator  (Figure  4),  the  clock  signal  to  the  Exciter  pulse 
modulator  (Figure  6)  and  the  PN  generator  reference  interrupts  to  the  mP 
(Figures  4  and  5). 

B.  Two-Phase  Clock  Circuit 

The  Two-Phase  Clock  circuit  is  aways  operating,  as  long  as  the  1  MHz 
reference  signal  is  present.  The  Clock  circuit  generates  two  two-phase 
clock  pulses  at  rates  of  250  kHz  and  31.25  kHz  for  use  in  the  Prober  and 
Sounder  modes,  respectively.  The  Clock  circuit  consists  of  elements  of  TTL 
modules  Ul,  U5,  U6,  U7  and  U8  and  transistor  Q1  in  association  with  diode 
D1  and  these  modules  are  shown  within  the  dashed  lines  of  Figure  3b.  The  1 
MHz  reference  is  converted  to  a  square  wave  by  the  action  of  Q1  and  Dl. 

The  1  MHz  square  wave  signal  at  U5-2  is  the  fundamental  clock  input  to  a 
counter-divider  circuit  consisting  of  U5  and  U6.  The  divide  by  2  and  by  4 
outputs  (U5-14  and  U5-13)  are  combined  to  generate  the  250  kHz  two-phase 
clock.  The  divide  by  8  output  of  U5  (U5-12)  drives  the  second  counter  (U6) 
at  a  125  kHz  rate,  and  the  divide  by  2  and  by  4  outputs  of  U6  (U6-14, 

U6-13)  are  combined  to  generate  the  31.25  kHz  two-phase  clock.  The  250  kHz 
clock  phase  1  signal  drives  a  single-shot  multivibrator  Ul-10  whose  output 
Ul-5  drives  the  "CLOCK-ON"  indicator  lamp. 

The  phase  1  clock  signals  are  connected  directly  to  the  clock  inputs  of 
the  PN  generator  shift  registers  (Figures  4  and  5).  The  phase  2  clock 
signal  is  gated  to  the  Exciter  pulse  modulator  (Figure  6)  after  activation 
of  the  system  START  flag.  The  appropriate  clock.  Sounder  or  Prober,  is 
selected  according  to  the  MOTE  flag  provided  by  the  mP  Control  Module 
through  the  Mode  Condition  Generator  (Figure  6). 

C.  PN  Sequence  Generator 

The  PN  sequence  generators  produce  the  phase  shift  (BPSK)  modulation 
signals  used  by  the  Channel  Prober  instrument.  In  addition,  each  generator 
circuit  produces,  for  each  sequence,  a  synchronizing  pulse  that  is  trans¬ 
mitted  to  the  Control  Module  and  serves  as  a  mP  interrupt  signal.  The 
signals  and  conditions  required  for  proper  PN  Generator  operation  are: 

o  ON/OFF  switch  ON  (U21-10  HIGH) 

o  START/STOP  signal  on  START  (U3-5  HIGH) 

o  Phase  1  clocks  running 

o  MOTE  flag  from  Mode  Condition  Generator. 

The  design  of  the  PN  generator  for  the  Sounder  and  the  Prober  modes  are 
basically  the  same,  differing  only  in  the  details  relating  to  the  length  of 
the  PN  sequence.  The  basic  components  are  a  shift  register(s)  with  the 
appropriate  feedback  connections  to  generate  the  desired  sequence,  a  magni¬ 
tude  comparator(s)  for  generating  the  reference  pulse,  and  suitable  logic 
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for  gating  the  appropriate  sequence  according  to  the  designated  operating 
mode.  A  description  of  the  operation  of  the  Sounder  Mode  PN  generator, 
Figure  4,  will  suffice  to  explain  that  of  the  Prober  Mode  generator  as  well. 

The  basic  input  to  the  PN  sequence  Generator  is  the  31.25  kHz  clock 
which  is  connected  to  the  PN  sequence  shift  register  at  U27-8  (Figure  4). 

The  pulse  out  of  U41-15  is  fed  to  the  input  of  the  shift  register  at  U27-1 
to  set  up  an  initial  condition  of  all  l's  in  the  shift  register  at  START 
TIME.  Thereafter,  the  shift  register  operates  continuously  with  the  PN 
sequence  appearing  at  D27-13  and  fed  to  the  output  line  driver  at  U23-6 
(8T13).  The  magnitude  comparators  (U31,  U32)  compare  the  instantaneous 
state  of  the  shift  register  with  a  reference  state  set  up  by  a  series  of 
switches.  A  comparator  match  produces  a  coincidence  output  pulse  at  U32-6 
which  is  used  as  a  M P  interrupt.  This  pulse  is  gated  through  U34,  U37,  and 
a  Schmitt  trigger  line  driver  at  U22.  The  gating  signal  is  derived  from 
the  experiment  START/STOP  signal  (from  U3-5)  as  conditioned  by  flip-flops 
at  U36. 

The  line  driver  at  U23  (8T13)  is  common  to  the  Sounder  and  Prober  mode 
PN  generators.  Using  the  START/STOP  signal  line  and  the  Sounder/Prober 
mode  "ON"  signal,  the  appropriate  sequence  is  gated  to  the  BPSK  modulator 
of  the  Transmitter  Exciter.  It  should  be  noted  that  both  the  Sounder  mode 
and  the  Prober  mode  interrupts  are  continuously  passed  to  the  mP  regardless 
of  operating  mode.  The  mP  selects  the  appropriate  signal  according  to  the 
prevailing  operating  mode. 

D.  Mode  Condition  Generator 

The  Mode  Condition  Generator  alters  the  action  of  the  Timing  Module 
according  to  the  operating  mode  as  prescribed  by  the  Control  Module.  Inputs 
to  the  Mode  Condition  Generator  include: 

o  MODE  flag  from  the  /uP 

o  MODE  initialization  pulse  from  the  START/STOP  circuit 

o  Phase-1  and  phase-2  clock  signals. 

Mode  Condition  Generator  outputs  include: 

o  Appropriately  selected  phase-2  clock  for  distribution  to  the 

Transmitter  Exciter 

o  Sounder  mode  and  Prober  mode  ON/OFF  flags  for  distribution  to 

the  PN  Generator  circuits 

o  Sounder  mode  Prober  mode  ON/OFF  indicator  lamps. 

During  normal  operation,  the  MODE  flag  from  the  microprocessor  serves 
to  toggle  the  state  of  the  Mode  Condition  Generator.  Manual  override  Is 
provided  via  switches  S3  and  S4  (refer  to  Figure  6)  which  permit  manual 
setting  of  the  operational  mode  for  circuit  test  purposes. 
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A  circuit  diagram  of  the  Mode  Condition  Generator  is  shown  in  Figure  6. 
The  generator  can  be  analyzed  in  terms  of  a  Sounder  section  and  a  Prober 
section  where  the  action  is  essentially  the  same  in  both. 

U17  comprises  a  pair  of  flip-flops  designed  so  that  U17-5  is  LOW  when 
U17-9  is  HIGH  and  vice  versa.  This  condition  enables  one  mode  or  the 
other,  but  not  both.  In  a  quiescent  state  the  preset  (PR)  and  clear  (CLR) 
pins  of  both  flip-flops  are  HIGH  and  the  output  state  is  stable  (e.g.,  U17-9 
LOW,  U17-5  HIGH,  Prober  Mode).  Simultaneous  negative  transitions  at  U17-10 
(Sounder  set)  and  at  U17-1  (Prober  reset),  resulting  from  activation  of  the 
single-shot  multivibrator  at  014-12,  reverses  the  output  state  of  U17  (i.e., 
017-9  HIGH,  U17-5  LOW)  and  thereby  reverses  the  mode  of  operation  from 
Prober  mode  to  Sounder  mode.  In  a  similar  fashion,  a  negative  pulse  at 
U14-4  will  toggle  the  U17  flip-flops  back  to  the  Prober  Mode  condition. 

A  negative  going  pulse  at  U14-12  can  be  produced  in  several  ways. 

During  continuous  operation,  mode  toggling  results  from  a  transition  of  the 
MODFLG  signal  level  at  U22-3.  Transition  from  a  LOW  (Prober  Mode)  to  a 
HIGH  (Sounder  Mode)  will  activate  the  single-shot  multivibrator  at  U14-12. 
Similarly  the  transition  from  a  HIGH  (Sounder)  to  a  LOW  (Prober)  activates 
the  single-shot  output  at  U14-4  and  these  actions  toggle  the  mode  condition 
flag,  D17. 

A  second  action  which  will  affect  the  operating  mode  is  the  manual 
closure  of  mode  switch  S3  or  S4.  Closure  of  either  switch  will  activate 
the  single-shot  multivibrators  at  014. 

Finally,  the  initialization  signals  at  U16-2  and  016-12  clear  flip- 
flops  012  and  013  and  then  excite  the  Sounder  Mode  by  activation  of  the 
single-shot  multivibrator  at  015-12.  This,  in  turn,  leads  to  the  acti¬ 
vation  of  014-12  and  a  HIGH  at  017-9,  thus  insuring  Sounder  Mode  at  START 
TIME. 

The  Timing  Module  is  mounted  on  a  PC  board  which  plugs  into  the  jiP 
"mother"  board.  A  photograph  of  the  Timing  Module  board  showing  the 
locations  of  numbered  integrated  circuit  chips  Is  presented  in  Figure  7. 

The  control  switches,  indicator  lamps  and  various  interconnection  cable 
connectors  are  mounted  on  a  separate  panel.  Figure  8  is  a  photograph  of 
that  panel. 

E.  8  MHz  Phase  Locked  Loop 

The  8  MHz  clock  is  generated  for  the  Correlation  Processor  coherent 
clock.  Although  considered  part  of  the  Timing  Module,  the  circuit  Is  not 
physically  located  on  the  Timing  Module  circuit  board.  The  circuit  diagram 
for  the  8  MHz  clocks  is  shown  in  Figure  9  and  consists  of  four  integrated 
circuit  chips,  U1  to  04,  and  transistor  Ql. 

The  circuit  is  driven  by  the  system  1  MHz  reference  oscillator.  The 
1  MHz  sine  wave  is  transformed  to  a  square  wave  by  the  action  of  Ql.  The 
square  wave  is  the  input  to  a  4046  CMOS  phase-locked  loop  (Ul)  that  operates 
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at  1  MHz.  The  dc  voltage  output  of  U1  is  the  input  to  a  74LS124  voltage 
controlled  oscillator  (U4)  that  operates  at  16  MHz.  The  16  MHz  output  of  U4 
is  the  clock  input  to  a  74161  binary  counter  (U3).  The  divide  by  16  (1  MHz) 
output  of  U3  controls  the  phase- locked  loop.  The  output  of  U3  at  8  MHz 
(divide  by  2  output)  is  the  input  to  a  8T13  line  driver  (U2).  The  output  of 
U2  is  a  symmetric  square  wave  at  8  MHz  that  is  conditioned  to  a  50  ohm  line. 

IV.  Microprocessor  Control  Module 

A.  Microprocessor  Hardware 

The  microprocessor  selected  uses  a  Motorola  6802  MPU  chip  and  is  part 
of  the  Model  9600A/  Option  1,  single  board  microprocessor  manufactured  by 
Creative  Microsystems  Inc.  included  on  the  9600A  board  are  the  following 
features: 

o  1?8  bytes  of  on-chip  (Model  6802)  RAM 

o  IK  byte  of  RAM  with  battery  back-up 

o  6K  bytes  of  EPROM 

o  2,  ACIA  serial  interfaces  (Model  6850) 

o  2,  PIA  parallel  interfaces  (Model  6821) 

o  1,  Programmable  Timer  Module  (Model  6840) 

In  addition,  the  system  is  supported  by  a  second  "plug-in"  board  providing 
32K  of  static  RAM* 

The  primary  means  of  experiment  control  is  achieved  with  the  parallel 
interface  adapter  chips  (PIA).  Each  PIA  provides  sixteen  individually 
controllable  signal  lines,  each  individually  configured  by  software  as 
either  input  or  output.  In  addition,  each  PIA  has  four  more  signal  lines, 
two  of  which  are  strictly  input  lines  used  for  interrupts,  while  the 
remaining  two  are  input/output  lines  used  either  for  interrupt  or 
"handshaking”  purposes. 

The  asynchronous  communications  interface  adapter  chips  (ACIA)  are  basi¬ 
cally  communication  drivers  and  serve  to  convert  serial  data  to  parallel  and 
vice  versa.  The  9600A  board  provides  drivers  to  implement  either,  RS-232  or 
20  ma  current  loop,  communication  protocol.  One  serial  interface  is  dedi¬ 
cated  to  service  the  control  console,  which  in  this  case  is  a  Texas 
Instruments  Model  733  ASR,  Silent-700  terminal.  The  other  communications 
interface  is  dedicated  to  communication  with  the  DEC  Model  PDP-11/34  mini¬ 
computer  either  locally  or  via  telephone  circuits 

Only  one  section  of  the  Programmable  Timer  Module  (PTM)  is  used  and  its 
function  is  to  produce  a  delayed  pulse  for  the  computer  controlled  AGC.  The 
PTM  is  designed  to  operate  in  a  single-shot  pulsed  mode  when  an  experiment 
is  in  progress.  The  single-shot  pulse  is  always  timed  to  occur  during 
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sequence  1  (the  "idle"  sequence)  of  a  correlation  cycle*  and  is  delayed  a 
few  milli-seconds  relative  to  the  start  of  the  sequence  to  allow  for  system 
settling  time.  Receiver  gain  is  held  constant  at  the  value  determined  by 
the  computer  controlled  AGC  until  sequence  1  of  the  next  correlation  cycle. 

A  diagram  of  m P  memory  organization  is  given  in  Figure  10.  The  6K 
bytes  of  EPROM  are  located  in  the  top  of  the  memory  which  contains  65K 
bytes  of  addressable  memory.  The  top  2K  bytes  of  EPROM  are  reserved  for 
the  system  Monitor  which  is  a  manufacturer-provided  operating  system  for 
software  development.  The  next  lower  2R  bytes  of  EPROM  are  dedicated  to 
user  developed  system  utilities  such  as  a  cassette  tape  handler,  etc.  The 
lower  2K  bytes  of  EPROM  are  dedicated  to  the  user  operating  program.  In 
the  current  application  the  Control  Module  operating  system  starts  at 
hexadecimal  address  E800  and  ends  at  EF99  which  is  almost  the  entire  2K 
byte  EPROM. 

The  32K  bytes  of  RAM  are  configured  to  occupy  the  lowest  32K  bytes  of 
memory  and  are  used  mainly  to  accommodate  the  large  programs  required  for 
software  development. 

B.  Microprocessor  Software 

Specific  tasks  to  be  performed  by  the  Control  Module  include: 

o  Control  experiment  mode 

o  Control  signal  frequency 

o  Control  Receiver  pre-selector  filter  and  input  attenuator 

(Receiver  site  only) 

o  Indirect  control,  via  MODE  flag,  of  gating  of  the  clock  and  PN 

generator  output  to  the  Transmitter  Exciter  (Transmitter  site 
only) 

o  Control  gating  of  the  Receiver  computer  controlled  AGC  function 

(Receiver  site  only) 

o  Control  experiment  duration 

The  block  diagram  in  Figure  1  summarizes  the  interaction  between  the 
Control  Module  and  the  other  major  components  of  the  system. 

The  mP  software  can  be  broken  up  into  two  major  subdivisions,  the 
Control  Executive  and  the  Interrupt  Handler.  The  Control  Executive  Is 
responsible  for  general  housekeeping,  communication,  and  initialization 
activities  while  the  Interrupt  Handler  is  responsible  for  updating  the 
state  of  the  experiment  and  controlling  experiment  variables  according  to 
the  PN  sequence  count . 


*The  interested  reader  is  referred  to  Wagner,  Goldstein,  and  Chapman,  1982 
for  details  relating  to  overall  system  operation. 
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1.  Control  Executive 


A  flow  diagram  of  the  Control  Executive  is  shown  In  Figure  11.  Major 
subdivisions  of  the  Control  Executive  are  Communication  and  Initialization 
functions  which  are  Identified  In  Figure  11.  In  addition,  the  Run  Loop  and 
End  of  Run  Housekeeping  functions  are  designated  in  Figure  11.  The  Run 
Loop  of  the  Control  Executive  is  the  area  of  mP  software  where  execution 
awaits  interrupts  from  the  Timing  Module. 

The  communications  and  initialization  functions  are  completed  prior  to 
experiment  start.  Experiment  start  awaits  the  arrival  of  the  first  inter¬ 
rupt  from  the  Timing  Module.  Once  the  experiment  has  started,  the  Control 
Executive  executes  the  short  loop  while  awaiting  further  interrupts.  The 
only  activity  during  this  loop  is  a  check  for  change  of  mode  and  a  check  of 
the  STOP  flag.  Upon  detection  of  a  STOP  flag,  the  program  executes  the  End 
of  Run  Housekeeping  functions  and  returns  to  the  start  of  the  communication 
routine  where  it  waits  for  the  next  experiment  parameter  message  from  the 
PDP-11/34.  The  Programmable  Timer  Module  (PTM)  is  initialized  to  a  con¬ 
tinuous  mode  of  operation  during  the  communication  portion  of  the  a*P 
software.  The  purpose  of  the  continuous  mode  is  to  implement  ACC  action 
prior  to  experiment  start.  The  PTM  is  switched  to  the  single-shot  mode  of 
operation  after  receipt  of  the  first  interrupt  from  the  Timing  Module. 

The  communication  software  represents  approximately  one  half  the  code 
required  for  the  Control  Executive.  It  is  responsible  for  coomunlcating 
with  the  PDP-11 /34  either  locally  or  via  telephone  circuits  using  Motorola 
serial  tape  format.  The  purpose  of  the  communication  is  to  provide  the 
Control  Module  with  the  data  needed  to  perform  the  experiment.  The  routine 
provides  for  automatic  error  checking  at  several  levels  as  well  as  a  final 
operator  approval  or  disapproval  after  reviewing  the  message.  Error  cor¬ 
rection  is  accomplished  by  automatic  block  repetition  in  the  case  of  routine 
errors  and  by  repetition  of  the  entire  message  if  the  operator  believes  the 
data  to  be  suspect.  The  communication  protocol  calls  for  short  blocks  (16 
data  bytes)  and  automatic  block  repetition  if  a  positive  block  acknowledg¬ 
ment  is  not  received.  Figure  12  is  a  flow  diagram  of  the  communication 
function.  The  input  data,  along  with  some  descriptive  commentary,  are 
summarized  in  Table  I. 

Error  free  data  are  stored  in  mP  RAM  according  to  the  allocation  shown 
in  Figure  13.  Memory  is  organized  into  256  byte  groups  called  pages.  The 
first  8  pages  of  RAM  (pages  0  to  7)  are  allocated  to  experiment  data 
storage.  Pages  4  through  6  are  used  for  frequency  tables  for  the  Sounder 
mode  and  page  7  is  used  for  Prober  frequency  tables.  In  these  tables,  the 
10* ,  10®  and  10^  Hertz  digits  of  the  frequency  are  represented  in  BCD 
format.  Page  zero  is  dedicated  to  the  storage  of  experiment  constants, 
count  variables,  pointers  and  flags.  A  detailed  organization  of  the  page 
zero  memory  is  given  in  Figure  14.  Page  1  of  RAM  memory  is  dedicated  to 
the  User  Program  Stack  while  pages  2  and  3  are  presently  not  used. 
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Experiment  parameters,  as  received  from  the  PDP-11 /34,  are  printed  on 
the  microprocessor  control  console.  An  example  of  this  printout  Is  given 
in  Figure  15.  Frequencies  are  printed  out  in  decimal  notation  in  units  of 
10^  Hz.  All  other  experiment  parameters  are  printed  in  hexadecimal 
notation.  Upon  examination  of  this  printout,  the  operator  decides  whether 
to  continue  with  the  experiment  or  whether  to  request  a  repeat  of  the  trans¬ 
mission  from  the  PDP-11 /34. 

2.  Interrupt  Handler 

The  interrupt  handler  routine  is  responsible  for  orchestrating  the 
functions  of  the  other  HF  Channel  Prober  System  Modules.  It  keeps  track  of 
the  current  sequence  number  and  signals  the  minicomputer  at  the  appropriate 
time  to  start  a  new  correlation  cycle.  It  also  implements  changes  in 
frequency  and  mode  as  prescribed  by  the  experiment  format  and  signals  all 
other  system  modules  when  the  experiment  is  over. 

The  Interrupt  Handler  tasks  may  be  summarized  as  follows: 

o  Set  up  all  flags,  counters,  and  frequency  BCD  signals  at  the 

start  of  a  correlation  cycle. 

o  Strobe  the  receiver  AGC  Sample  gate  during  PN  sequence  1,  after 

an  appropriate  settling-time  delay. 

o  Signal  the  Correlation  Processor  to  START  during  PN  sequence  2. 

o  Keep  count  of  the  number  of  completed  correlation  cycles,  modi¬ 

fying  experiment  mode  and  frequency  scanning  action  according  to 
the  prescribed  format. 

o  Terminate  the  experiment  after  the  prescribed  number  of  repe¬ 

titions  of  the  Sounder  mode. 
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The  Timing  Module  sends  an  interrupt  reference  signal  to  the  Control 
Module  at  the  start  of  each  Sounder  and  Prober  mode  PM  sequence.  Only  one 
or  the  other  interrupt  is  recognized  by  the  Control  Module  depending  upon 
the  current  mode  of  the  experiment.  Receipt  of  an  interrupt  causes  the  mP 
to  interrupt  the  Run  Loop  (Figure  11)  in  the  Control  Executive  and  to 
proceed  to  the  Interrupt  Handler  routine  where  all  control  variables  are 
updated  according  to  the  prescribed  experiment  format.  A  summary  of  the  mP 
output  variables  along  with  details  of  format,  function  and  destination  is 
given  in  Table  II. 

The  action  of  the  Interrupt  Handler  software  is  described  in  the  flow 
diagram  of  Figure  16.  Notice  that  the  Interrupt  Handler  can  recognize  the 
first  interrupt  of  an  experiment  and  uses  that  knowledge  to  re-initialize 
the  PTM  of  the  Control  Module  to  the  single-shot  mode  of  operation. 

The  Control  Module  interacts  with  the  other  system  modules  such  as  the 
Receiver,  Transmitter  Exciter,  Timing  Module  and  Real-Time  Processor  (PDP- 
11/34)  via  the  PIA.  The  **P  comes  equipped  with  two  PIAs  (PIA  #1,  PIA  #2), 
each  of  which  has  16  individually  controllable  I/O  lines  (A0-A7,  B0-B7)  and 
four  additional  lines  (CA1,  CA2,  CB1,  CB2)  used  for  Interrupt  and  hand¬ 
shaking  purposes.  Table  III  shows  the  distribution  of  the  PIA-I/O  lines, 
which  support  the  control  functions  shown  in  Figure  1.  It  should  be  noted 
that  CB1  on  both  PIA's  is  used  as  an  interrupt  input  line.  CB2  on  PIA#1  is 
used  as  a  frequency  latching  line,  a  requirement  of  the  system  local  oscil¬ 
lator.  All  lines  are  individually  software  controllable  and  It  is  the 
function  of  the  Interrupt  Handler  to  ensure  their  proper  setting.  The  DR11C 
Is  the  PDP-11/34  parallel  interface  board  used  for  transferring  control 
signals  between  the  Control  Module  and  the  Real-Time  Processor. 


12 


V.  SUJfiARY  AND  CONCLUSION 


The  hardware  and  software  implementation  of  the  timing  and  control 
functions  for  the  Wideband  HF  Channel  Prober  project  have  been  presented. 
Design  considerations  have  been  stated  and  discussed.  The  operation  of  the 
resulting  hardware  has  been  explained  and  the  overall  functioning  of  the 
control  software  has  been  presented.  The  interaction  between  the  Timing  and 
Control  Modules  and  other  system  modules  are  detailed. 

The  actual  operation  of  the  Timing  Module  has  shown  that  it  performs  the 
various  system  functions  as  designed  and  in  a  reliable  fashion.  The  Control 
Module  has  also  performed  well  and  its  flexibility  has  been  exploited 
through  software  improvements  that  field  operations  have  dictated. 

In  conclusion,  the  Timing  and  Control  Module  satisfies  system 
requirements  and  results  in  smooth  data  collection  for  the  Wideband  HF 
Channel  Prober. 


VI.  REFERENCE 
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TABLE  I 


-  Microprocessor  Input  Data 


VARIABLE 

NAME 

ARRAY 

SIZE 

— __  functional  description 

NUMXFR(I*) 

2 

Ma*  #  correlation  cycles/mode 

FFMAX(I*) 

2 

Max  #  of  fixed  frequency 
correlation  cycles/mode 

INTEG ' N( I*) 

2 

#  of  PN  sequences  to  be  integrated 

FMX(I*) 

2 

*  of  frequencies  per  scan  cycle 

ffsndr 

1 

Sounder  mode  fixed  frequency  index 

TBLSNDR(J) 

N 

££  Sounder  frequencies 
(XX. X  MHz,  BCD);  up  to  255  frequence 

ffprbr 

1 

Prober  mode  fixed  frequency  index 

TBLPRBR(J) 

M 

°f  Prober  frequencies 
(XX. X  MHz,  BCD);  up  to  30  frequencies 

* Where  I  -  1,  Prober  Mode 
1  *  2,  Sounder  Mode 
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TABLE  II  -  Microprocessor  Outputs 


VARIABLE 

NAME 

DESTINATION 

VARIABLE 
FORMAT  # 

PINS 

FUNCTION 

FRQD7 

L.O.  Receiver/ 

Transmitter 

Exciter 

BCD 

3 

Remote  control  10?  Hz 
digit  of  frequency  synthe¬ 
sizer. 

FRQD6 

L.O.  Receiver/ 

Transmitter 

Exciter 

BCD 

4 

Remote  control  10®  Hz 
digit  of  frequency  synthe¬ 
sizer. 

FRQD5 

L.O.  Receiver/ 

Transmitter 

Exciter 

BCD 

4 

Remote  control  10®  Hz 
digit  of  frequency  synthe¬ 
sizer. 

SLCTD7 

Receiver  Pre- 
Selector 

BCD 

2 

Remote  control  10?  Hz 
digit  of  Receiver  Pre¬ 
selector. 

SLCTD6 

Receiver  Pre- 
Selector 

BCD 

4 

Remote  control  10®  Hz 
digit  of  Receiver  Pre¬ 
selector. 

AGCGATE 

Receiver  AGC 

1  Bit 

1 

2  X10"®  sec  TTL  voltage 
pulse  for  AGC  strobe. 

FPTR 

PDP-11 /34  Real- 
Time  Processor 

Binary 

8 

Frequency  index,  identi¬ 
fies  current  operating 
frequency. 

MODFLG 

PDP-11/ 34/ 

Timing  Module 

1  Bit 

1 

Serves  as  a  mode  ID  and 
also  as  a  gating  signal 
to  the  Transmitter 

Exciter. 

IDSQFG 

PDP-11 /34  Real- 
Time  Processor 

1  Bit 

1 

Identifies  1st  and  2nd  PN 
sequences  in  a  frequency 
correlation  cycle. 

IDS2FG 

PDP-11/34  Real- 
Time  Processor 

1  Bit 

1 

Identifies  2nd  FN  sequence 
in  a  correlation  cycle. 
Enables  start  of  Corre¬ 
lation  Processor. 

STPFLG 

PDP-11/34  & 
Timing  Module 

1  Bit 

1 

Flag  signaling  experiment 
stop. 

FLTCH 

L.O.  Receiver/ 

Transmitter 

Exciter 

1  Bit 

1 

0,6  x  10"®  sec  TTL 
voltage  pulse  for  latching 
synthesizer  remote 
frequency  lines. 
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Table  III  -  MICROPROCESSOR  I/O  -  PERIPHERAL  CONNECTIONS 


Peripheral  Side  Microprocessor  Side 

Terminal  or  Pin  f  Interface  ftin  ) 


Receiver/ 

Transmitter 

Local  Oscillator 
Frequency 

106  Hz  digit, 

(BCD) 

106  Hz  digit, 

(BCD) 

107  Hz  digit 
(BCD) 

PIAF1,  AO 
PIA#1,  A1 
PIA#1 ,  A2 
PIA#1,  A3 

PIA#1,  A4 
PIA#1 ,  A5 
PIA#1,  Ab 
PIA#1 ,  A7 

PIA#1,  BO 
PIA#1,  B1 
PIA#1,  B2 

TIMING  MODULE 

(MODFLG) 

PIA#1,  B4 

PDP  ll/34 

DRilC,  Dli 

(MODFLG)” 

FLAM,  B5 

DR11C,  D13 

(STPFLG) 

PIA#1,  B6 

TIMING  MODULE 

■■■  HIBHH 

PIAF1 ,  B7 

DRilC,  DO 

““  PIAF2 ,  AO 

DR11C,  D1 

PIA#2,  A1 

DRilC,  D2 

PIA#2 ,  A2 

PDP  11/34 

DRilC,  D3 

(FPNTR) 

PIA#2,  A3 

DRilC,  D4 

PIA#2 ,  A4 

DRilC,  D5 

PIA#2 ,  A5 

DRilC,  D6 

PIA#2 ,  A6 

DRilC.  D7 

PIA#2 ,  A7 

PDP  II/34 

DRilC,  D14 

PI A# 2 ,  BO 

DRilC,  D15 

PIA#2,  B1 

10a  Hz  Digit 

PIA#2,  B2 

Receiver 

(BCD) 

PIA#2 ,  B3 

Pre-Selector 

PIA#2,  B4 

PIA#2,  B5 

107  Hz  Digit 

PIA#2,  B6 

(BCD) 

PIA#2,  B7 

TIMING  PROBER  Reference  Pulse 

(Interrupt) 

—  1  III  II 

MODULE  SOUNDER  Reference  Pulse 

(Interrupt) 

PIA#2,CB1 

Receiver/Transmitter  Local  Oslllator 
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Fig.  1  —  Block  diagram  of  Timing  and  Control  Modules 


Fig.  2  —  Block  diagram  of  the  Timing  Module 


18 


Sounder  Mode  PN  Sequence  Generator  logic  circuit 


333:333333:3:3:3333333333333333 


ilium 


Fig.  7  —  Timing  Module  circuit  component  layout 
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Fig.  8  Timing  Module  panel  illustrating  the  switches,  indicator  lamps  and  interconnection  cable 
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Fig.  10  —  Memory  Allocation  Map,  CMS  9600A/Option  1 
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Fig.  11  —  mP  Control  Executive  flow  diagram 
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Fig.  12  —  mP  Communication  Software  flow  diagram 
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Fig.  14  —  mP  Page  Zero  Stonge  Allocation 
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Fig.  15  —  Example  of  Experimental  Parameters  Printout  on  the  pP  Terminal 
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Fig.  16  —  Interrupt  Handler  flow  diagram 
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